One of the newer stereological methods, the optical fractionator, was applied to the study of the effects of ageing on the human testis. The estimated total number of Sertoli and Leydig cells per testis in men younger than 30 years were 430×10 6 (CV = SD/mean = 0.35) and 117×10 6 (CV = 0.53), respectively, while in men older than 50 years the estimated total Sertoli cell number was 266×10 6 (CV = 0.46) and the mean Leydig cell number 83×10 6 (CV = 0.53). The difference between the number of Sertoli cells in men younger than 30 years compared with men older than 50 years was close to statistical significance (p = 0.052) while no differences was found in total Leydig cell number (p = 0.22).
INTRODUCTION
The process of ageing and the changes in different tissues with age have been in focus during the past decade because the number of healthy elderly people has been increasing in many countries. The effects of ageing on testicular function have been widely discussed, and it is generally accepted that androgen insufficiency with increasing gonadotropins evolves in old men (Murray and Meacham 1993; Haidl et al., 1996) . One aspect has been the application of androgen substitution therapy in old men. However, only few studies have concentrated on physiological and histologic changes with ageing. A study of men and their grandfathers showed surprisingly small differences in semen quality and reproductive hormones (Nieschlag et al., 1982) while other studies have indicated more obvious differences (Murray and Meacham 1993) . Histologic investigations have indicated decreasing Sertoli cell number and Leydig cell number with increasing age (Kaler and Neaves, 1978; Neaves et al., 1985; Paniagua et al., 1987; Johnson et al., 1984) . However, the reports are still conflicting, (Murray and Meacham, 1993) . Thus, more basic knowledge on the effects of ageing on the testis is needed. We have applied the stereological tool the optical fractionator (Gundersen et al., 1988; West et al., 1991) which has proven to be an efficient stereological method for estimating the total number of Sertoli and Leydig cells (Gundersen et al., 1988; Petersen et al., 1996) . The great advantage of this method is that no assumptions are required about shape, size or orientation of the cells or shrinkage of the organ during histological processing.
AIM
The aim of the study was to investigate the effect of ageing on the number of Sertoli and Leydig cells in human testes by use of the optical fractionator principle.
MATERIAL
Right or left testis from each of fourteen males, eight males younger than 30 years (16-30) and six males older than 50 years (53-78), was selected systematically at random (Table 1 ). All testes from the young men and two of the testes from the older males were sampled from cases who had been taken to the Department of Forensic Medicine in Copenhagen due to sudden, unexpected death, while the remaining testes from old males were obtained at routine autopsy. The cause of death is shown in (Table 1) .
METHODS

1)
A known fraction of the tissue was sampled systematically at random from each testis in a careful stepwise sampling procedure: a) Each testis was cut into 4-mm-thick slaps, providing 8 -12 slaps; b) Every 2 nd -3 rd slap was sampled systematically randomly and cut into 4-mm-thick bars providing 6 -10 bars; c) every 2 nd -3 rd bar was sampled and cut into cubes; d) every 4 th to 6 th of these cubes (approximately 8 -10 cubes) were sampled.
2) The sampled tissue was embedded in 2-hydroxy-methacrylate (Technovit 7100®) and stained throughout with hematoxylin eosin where the Leydig cells and Sertoli cells can be recognised. These cell types was easily recognised also in tissue fixed in formalin when embedded in plastic, in contrast to testicular tissue fixed in formalin and embedded in paraffin.
3)
The blocks of methacrylate, each containing 8-10 cubes of testicular tissue, were cut exhaustely into 40-µm-thick sections.
4)
Approximately 10 sections were sampled from each testis and the optical fractionator principle used to estimate the total number of Sertoli and Leydig cells in a known fraction of the tissue. To avoid bias from cutting artefacts a GLVHFWRU KHLJKW RI P ZDV FKRVHQ %\ WKLV sampling procedure the coefficient of error (CE = SEM/mean) at each sampling level is estimated and kept below 10%.
5)
Approximately 150 of each cell type were counted per testis.
6)
The 
STATISTICS
The mean values and coefficient of variation (CV = SD/mean given in parentheses) between testes were calculated for each cell type and for testicular weight. The hypothesis that no differences were present in testicular weight, and number of Sertoli and Leydig cells between men younger than 30 and men older than 50 years was tested using an unpaired two-tailed t-test. The data on Leydig cell number was log transformed in order to obtain normal distribution. The remaining data were normally distributed.
RESULTS
The mean number of Sertoli and Leydig cells counted per testes was 254 (113 -394) and 236 (94 -606) (see Table 1 ), respectively.
The estimated CE due to sampling was below 10% at all sampling levels and the overall estimated CE due to sampling was 0. (Table 1) . The difference between number of Sertoli cells in males younger than 30 years of age and older than 50 years was borderline statistically significant (p = 0.052) while no difference was seen between the total number of Leydig cells in the two groups (p = 0.22). No difference was found with respect to testicular weight (p = 0.43) ( Table 1) . As seen in figure 1 the biological variation of total Leydig and Sertoli cell number seems to be very high in both groups.
DISCUSSION
The mean number of Sertoli cells in testes from adult males is approximately 400×10 6 and the number of Leydig cells approximately 90×10 6 . The total Leydig and Sertoli cell numbers, estimated by use of stereological methods, differed from the results obtained from most previous studies. The estimated total Sertoli cell numbers have been reported to range from 390 to 3700×10 6 and the total Leydig cell number from 400 to 800×10 6 , calculated from twodimensional profile counting (Kaler and Neaves, 1978; Neaves et al., 1985; Cortes et al., 1987; Paniagua et al., 1987) . These large ranges may be ascribed to the difficulties in interpretation of results obtained from assumption based designs as previously described (Mendis-Handagama and Ewing, 1990; Mendis-Handagama, 1992) . The finding of decreasing number of Sertoli cells with increasing age fits with previous observations while the data on Leydig cells are more conflicting (Kaler and Neaves 1978; Johnson et al., 1984; Neaves et al., 1985; Paniagua et al., 1987; Murray and Meacham 1993) . Some investigators claim that Leydig cell hyperthrophy evolves with increasing age while other studies have shown decreasing number of Leydig cells with increasing age (Murray and Meacham 1993) .
In the present material we did not find any correlation between the total number of Sertoli or Leydig cells and testis size, probably because of the large biological variation of the total number of these cell types, combined with the rather limited sample size. Furthermore, it should be kept in mind that conclusions based on cross sectional data always may be confounded by secular changes. The imprecision of the estimates of Sertoli and Leydig cells (CE approximately 15%) should be seen in view of the observation of apparently very large biological variations (CV of Sertoli cells > 0.34 and Leydig cells CV > 0.50). The very large biological variation implies that even the relatively large imprecision of estimates will be acceptable in most clinical situations and that the most important factor in clinical studies comparing groups of patients will be the number of individuals included. In the present study more testes from the older age group are needed before firm conclusions can be made.
In summary, new information about the mechanism of the age-related changes in human testis can be obtained by stereology. In this pilot study decreasing total Sertoli cell number was seen with ageing, while no correlation was detected between total number of Leydig cells and age.
This paper was presented at the X th International Congress for Stereology, Melbourne, Australia, 1-4 November 1999.
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